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(57) A hollow-ffoer blood-purifying membrane com- 
prising substantially cellulose acetate, wherein cellulose 
acetate polymer particles distribute substantially nondi- 
rectionally on the inner surface of the hollow fiber and 
the inner and outer surfaces of the fiber have each aden- 
sified layer with a thickness of 30-1,000 nm, the mem- 
brane wall part between two such layers having a 
substantially homogeneous porous structure, and which 
has an in vitro ultrafiltration rate (UFR) of 10-50 
ml/m2-mmHg*hr, an in vivo UFR to in vitro UFR ratio of 
0.3 or above, a plasma albumin permeation inhibition 
ratio of 90 % or above, and an in vivo p^teroglobulin 
(PrMG) sieving factor of 0.4 or above. 
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Description 

TECHNICAL FIELD 

The present invention relates to a hollow fiber Wood purifying membrane, and particularly to a blood purifying mem- 
brane made of high-performance hollow cellulose acetate fibers having a specific internal/external surface ratio and 
cross-section condition, and having a specific selective permeability. More specif ica.'ly. the present invention provides a 
blood purifying membrane made of hollow fibers composed of a cellulose acetate polymer with a high degree of polym- 
erization, which excels at removing middle to high molecular proteins of molecular weight 10,000 to 20,000, such as p r 
microglobulin (p r MG), has excellent blood plasma albumin permeation blockage, has a small difference in in vivo and 
m vitro ultrafiltration rate (UFR) values, undergoes little change in performance with time, and is excellently suited for 
living organisms. The present invention also provides a process for the production of such a Wood purifying membrane. 

BACKGROUND ART 

Selectively permeaWe hollow fibers have been used in common practice for Wood dialysis. The Wood purifying 
apparatuses used for Wood dialysis comprise a plurality of dialysis membranes, for example hollow fiber membranes 
arranged in parallel in a cage-like housing, and the patient's Wood is allowed to flow through the inner hollow while the 
dialyzing fluid is allowed to flow on the outside, i.e. between the hWlow fibers, for dialysis through the hollow fber mem- 
branes to remove waste products from the Wood and rectify electrolyte concentrations, with ultrafiltration carried out due 
to the differential pressure between the inside and outside of the hdlow fbers. to remove excess water from the Wood 

The hollow fbers for Wood processing must be selectively permeaWe to specific substances, depending on the 
purpose. Their performance is determined based on the material of the hollow fbers as well as the porosity (size and 
number of pores, etc.) and membrane thickness. 

Cellulose and cellulose acetate are two materials commonly used in hollow fbers for Wood purifiers. In particular 
cellulose acetate fbers are relatively easy to produce by commonly used spinning methods such as plasticizing melt 
spinning or wet spinning, and when the resultant hollow fbers are used for Wood dialysis therapy, they provide the 
advantage of allowing some degree of suppression of complement activity in contrast to. for example, hollow cellulose 
fibers. 

Conventional Wood purification membranes made of cellulose acetate, however, even with pore sizes large enough 
to allow removal of p r MG. have become clogged by adsorption of proteins, etc. during the dialysis procedure leading 
to deterioration with time accompanied by a marked decrease in the ultrafiltration rate, whereas membranes which are 
too dense have lacked the ability to remove middle to high molecular weight proteins such as p r MG. 

On the other hand, hollow fbers produced by melt spinning cellulose acetate are disclosed in Japanese Unexamined 
Patent PuWication No. 54-42420 which describes a process for obtaining a dialysis membrane by adding a homogeneous 
mixture of polyethylene glycol and glycerine to a cellulose ester to produce hollow fibers and then extracting the mixture. 
The membrane obtained by this process, however, is limited to permeability to low molecular weight substances, and 
being a dense membrane it is vastly different from the membrane obtained by the production process of the present 
invention. 

In Japanese Examined Patent PuWication No. 3-62447, some of the present inventors have proposed a process by 
which hollow fibers are made from a composition prer- - 3d by mixing a cellulose ester with given proportions of a water- 
soluWe polyhydric alcohol and an additive selected from the group consisting of pdyethers one of whose residues is 
glycerin, which substantially has no plasticizing effect on the cellulose ester and is compatble with the polyhydric alcohol, 
after which the adcftive is removed by extraction. For this purpose there is indicated a process for forming a microphase 
separation during melt spinning of the cellulose acetate, i.e. a process for producing a membrane by conization of the 
specific water-soluWe polyhydric alcohol and the polyether one of whose residues is glycerin. This constituted a con- 
sideraWe improvement over conventional processes for producing a porous structure in hollow cellulose acetate fbers 
by melt spinning. 

DISCLOSURE OF THE INVENTION 

The present inventors have conducted diligent research with the aim of providing a hollow cellulose acetate ftoer 
Wood purifying membrane with low deterioration over time and excellent ability to remove midcfle to high molecular 
proteins such as PrMG, features not provided by conventional Wood purifying membranes employing cellulose acetate, 
and which is also excellently suited for purifying Wood. 

The present inventors have completed the present invention on the basis of the finding that a Wood purifying mem- 
brane with the desired properties can be provided by a hollow cellulose acetate fiber membrane of which the inner 
surface of the hollow portion is subst?ntially flat and the arrangement of the cellulose acetate polymer particles on the 
inner surface is substantially non-oriented, which has a thin dense layer with a thickness in the range of 30 to 1000 nm 
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wnS?!^ "rZTl^ 0{ TT ^ " the membrane « viewed by a cross-section of the hollow fibers, and 
wh,ch has a porous structure wh.ch is substantially uniform from the inside to the outside of the membrane 

hmJH J? 6 ' ""HZ" inVenti0n PTOvides a ho,,ow ,ber 15,00(1 P urif y' n a membrane characterized by being a 
hollow iber membrane substantially composed of cellulose acetate, by having a substantially non-aiemSdistS^ 
of cellulose acetete polymer particles on the inner surfaceof the ho^fl«.Lir,atNnd^i^JS22 

^£ST ? 40 1 ?S nm on both *• inner and ^ suriace of the ho,,ow f to&?s and a ^£Z££Z 

SS? ; o to Esj^r?^ wa " be, ?r the ^ dense ,ayers - and * ha ™ a - * ■*» «— i2rm 

!S5 ml/m2,nmH 9 hr and a ratio of (in wVo UFR>> wrro UFR) of at least 0.3, a blood plasma albumin 

permeation Woctage of at least 90%. and an in vivo p r microglobulin ( P2 -MG) sieving coefficient of* leS™ 
m J*l Dres ^ nver *o n encompasses a hollow fber Wood purifying membrane the inner surface of the hollow fibers 
o wh.cn . ; substantially flat,- a hollow fber Wood purifying membrane the in vitro UFR of whichTs 5a3 5 

iTaJfea^ 

is at least 93%. The present invention also encompasses a hollow fiber Wood purifying membrane the cellulose acetate 
acetylat,on degree of which is 50-58% and the cellulose acetate polymerization degree of wtSIs 1 1 6u Z "SU 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 isanillustrativehigh-resolution scanning electron microscope (SEM) photograph (50.000x1 of the inner surface 
of a hollow fiber to be used in a Wood purifying membrane according to the invention 

hou^f hl'?,^ il,u ^ tiv « hi ^- r esolution SEM photograph (SO.OOOx) of the innermost layer of a cross-section of a 
shc^ *e ^"iS 9 PUr ^ nQ membrane to ,he " we "«o n - w«h the denle tayer of the innlr s^rf^ 

Rgj3 is an illustrative high-resolution SEM photograph (50.000x) of the section between the wall membranes of a 
crra-section of .hollo* fber to be used in a Wood purifying membrane according to me InvJoT 
M « : * 'IT ' ,lu ^ ative ^"-resolution SEM photograph (50,000x) of the outermost layer of a cross-section of a 
sh!w^ 

Figgis an illustrative high-resolution SEM photograph (10,000x) of the section between the wall membranes of a 
cross-secfon of a hWlow fber to be used in a blood purifying membrane according to the invent " 

ConJ^^S?!" hiflh " reSOlUti0n SEM Dhoto « ra P h W«Wx) of the inner surface of a hollow fib«ac«,rding to 

R9 ;l iS "2 illu f* ative ni 9n-resolu1ion SEM photograph (50.000x) of the section between the wall membranes of a 
cross-section of a hollow fber according to Comparative Example 1 K a a 

crJ^^lT^,^^™ S ! M Ph0, ° 9raph (50 '°° 0x > °> the secton between the wall membranes of a 
cross-section of a hollow fber according to Comparative Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The hollow cellulose acetate fibers to be used according to the present invention substantially are composed mainlv 
Z£S£T ^r^f 6, Ce,y0Se aC6tatS ^ mer refere to a P°W wherein She 

SfS £2 "2 y Pf,fcr 7 d * th66e ar8 cel,u,ose acefates with acetylation degrees in the range of 50-58%. pref- 
eraWy 52-57% and more preferaWy 53-56%. With an acetylation degree of less than 50%. ft is sometimes^S to 

T^J?"* SET? radiUS " aCety,at0n de9ree 58% tends to resutt in dogging by abso^on 

aceticac* l(.n percentage by *e.gm) in the sarrple (pWymerU^ 

Accord.ng to the present .nvention. the thickness of the dense layer on the inner surface and outer surface iforef- 
eraby 30 to 100 nm, the in-vitro UFR is preferaWy 15-35 ml/rrf-mrnHg-hr, the (/r,v,Vo UFR)/(^W/ro UFR) s Zt 

aCsti?%^ 

at least 93%, and the in- vivo p>MG sieving coefficient is preferably 0.45 or greater 

„-JTh CellUl °^f C ! ta ! e 10 06 USed accordin9 10 *• Dreserrt invertion PreferaWy has an average polymeri- 

zabon degree of 160 to 400. and particUarly 200 to 300. Here, the average polymerization degree te intended to min 
the value of the w«ght average molecular weight of the polymer divided by the molecular weight of the repeating unit 

" r 1 ^ " rthods * measurinfl avera 8 e weight include, for example, gel permeation chToma- 

tography. viscosrty measurement, sedimentation equilbrium measurement and light scattering methods 

whJ^ po ! ymeriza,ion deC;ree 01 less ^nieo.itisdifficutttolowertherwlymercorwemrationoftheoope 

whenmatangf^bers. and especially when making fibers by meH spinning, while there are also proWems in obtaining^ a 
membrane wrth a pore radius suftaWe for removing p r MG and the containment strength of the pores is reduced Con- 
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versel^enrt is greater than 400 the production of the polymer itself becomes more difficult, while high ternoeratures 
are needed for melt spinning and the cellulose acetate tends to easily decompose temperatures 

h w^T^oc! inne i diameter of "°llow I*™* is preferably between 100 and 300 (un. and more preferably 
between 150 and 250 (im. The membrane thickness is 20 fim or less, and preferably between 10^uioM6|im^wr^OT mofet^ 
The hollow cellulose acetate fibers may have fins on the outer periphery extending in the atactimrf ttTiS' 
,n which case the rafc of H/W, where H s the hefcht and W is the is Sr2S^?g2?S22 

»h« . V bl00d P"^" 9 aPP 3 ^ 5 ' The ratio H/W is more preferably 0.8 or greater Here 

the wrtth Wof the fins ,s intended to mean the width m at the midpoint along the height H of the fins 

d*^?!^j£ 5 00 ^ h0 " OW f,be,S Sh ° Uld bS 91 ,6ast rt this number is 1 1 <* ™r9 there is a notable 

fnTmsrf^ 

x is preferably 1-10 and more preferably 2-8, with a particularly effective range being 3-7 

(um^rtSt»l™I*5 Pre, ?, bly f ° 100 m - 3nd Partcularly 9 10 60 M *>- «*> H/h of the fin height H 

a^3l nrSE, rH^^T" 86 d (Mm) °* *• ho,low ,bers wrthout fins is preferably 0 01 to 1 

and more preferably 0.02 to 0.5, wrth a range of 0.03 to 0.2 being particularly preferred 

taJS k the Wid1h at me 15356 * 1,16 ,ins 66 n ^r than at the top of fins in most cases the 

lt*su^e,nsuch cases for thewidth of the bases to be between 15 and 50 ^m. and preferably beS^^ 

morepreferably 2.5% or lower. There is no partcular m.nimum limit for the remoistened elongation rate 

The remoistened elongation rate a may be calculated by the equation a = {(L.-LVL) x 100 where L is tt» i«*«th 

sou-ouTb ana inewater content is 0.5-9%. obtained upon drying the hollow f bers after they are immersed in an ami*™ 

iEZ IT™- *, 5?" ,ibere to be used acco,din9 10 *• p resen « in ^°" ***** SSK 

ngtf rty in the range of 200 mg/200 fibers or greater, and the pressure resistance when pressure* aw!S^ taS 
of the moistened hollow fibers is preferably a bursting pressure of at least 4 kg/cnJ^nfe^ £ 5£ 

mi Jl^T^'i" 0 ^ PUrifyi " g membfane acc0(dina to the present invention not only has excellent ability to remove 
m,dde to highmolecular proteins such as p r MG, but also satisfactorily removes lo-ver moleculessuch as urease 

S ^^T^'^ ^ fe ° 040 artWB ^erac^O^cm^inorgr^Sra^Zpr 
= m/m,n or Hef * overall mass transfer coefficient (Kb) is the value obtained bv^e™. owino 

formula, and it ,s a parameter expressing me ease with which solutes pass through the Wood porrfy^^pamS T 

K ° 4(1-2) 



ro 



T5 



P0 
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fl nn r Hef I' °? fe ^ f,0W {rrtMlin) ' Q ° 18 ** dialysate f ,ow < ml/min >- A is the membrane area (cm*) Z is OJQn. 



C t g- 



Here. C a is the solute concentration at the blood inlet point Ok is the flow at the blood inlet mint r ic 
solute concentration at the Wood outlet point and Qbo is the f tow at the Wood ouM Sim. * ^° ° 

The type of hollowfibers described above which are useful for the present invention may be produced by any publicly 
known process including melt spinning, wet spinning. semi<lr y /semi-wet spinning, etc. For example in"7S rtm2 
spinning, the sp.nn.ng stock used is a heated meK solution of the celMose acetate poiymerSSg ESSE « 
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this is discharged from a spinning nozzle and cooled to hardness to form hollow fibers, after which a solvent which 
dissolves the additive but not the cellulose acetate polymer is used to remove at least part of the additive in the hollow 
fibers by extraction, making it possible to obtain hollow cellulose acetate fibers with selective permeability. 

Thus, a hollow f ber blood purifying membrane according to the present invention may be produced by the following 
process, for example. That is, a mixture is prepared containing, with respect to 1 00 parts by weight of a cellulose acetate 
polymer, at least one type of water-soluble polyhydric aJcohol with a thermoplastjcizing effect on the cellulose acetate 
polymer and a solubility parameter of less than 1 0 (X parts by weight), at least one type of water-soluble polyether with 
a solubility parameter exceeding 14 and at least one residue comprising glycerin (Y parts by weight), and at least one 
type of water-soluble polyhydric alcohol with a solubility parameter in the range of 10 to 14 (Z parts by weight) in the 
ranges specified by the following inequalities (i)-(iii), 



120 s X + Y + Z §250 



(i) 



10 5 Ys 100 (j j) 



3 sZ 550 



(iii) 



and after this mixture is melt spun into hollow f bers. the obtained hollow f bers are subjected to extraction with a heated 
aqueous medium, and at least one type of either a polyether with at least one residue comprising glycerin or a polyhydric 
alcohol, which is water-soluble and harmless and has a solubility parameter exceeding 14, is attached thereto 

The water-soluble polyhydric alcohol with a thermoplasticizing effect on the cellulose acetate polymer and a solubility 
parameter of less than 10 may be a water-soluble polyhydric alcohol such as. for example, polyethylene glycol or poly- 
propylene glycol, with a molecular weight of 200 or greater, and polyethylene glycol with a molecular weight of 200 or 
greater is particularly preferred for stable melt spinning at high temperatures. The polyhydric alcohol functions as a 
plasticizer for the cellulose acetate polymer. 

Specific examples of polyethers with a solubility parameter exceeding 1 4 and at least one residue comprising glycerin 
include polyethers represented by the following formula 

CH 2 -0 -f-CHj-CHR'-O^H 
CH — O -^-CHj-CHtf-O^H 
CHj-0 -f-CH 2 -CHR 3 -OtrH 



where W , R* and R3 may be the same or different and each represents H or -CH 3 , and a. b and c are each 0 or natural 
numbers, satisfying the inequality 1sa + b + cs20, which is obtained by dehydration reaction between a rr iroxyl 
group of glycerol and a hydroxyl group of ethylene glycol, propylene glycol, polyethylene glycol, polypropylene glycol or 
a copolymer of ethylene glycol and propylene glycol, as well as polyethers which are glycerin polymers with a polymer- 
ization degree of 2-20. and mixtures thereof. Specific examples of such polyethers which are especially useful are dig- 
lycenn. glycenn and mixtures thereof. These polyethers have a microphase separation effect due to their low compatibility 
with cellulose acetate polymers, and are thus useful as pore-forming agents. The molecular weight of the polyether is 
preferably within the range specified above, since molecular weights exceeding that range result in inhibition of the 
plasticizing effect of the polyhydric alcohol and thus impaired ability to be made into fibers. 

Also, the water-soluble polyhydric alcohol with a solubility parameter of from 10 to 14 is preferably a dihydric a ;ohol 
and specific examples thereof include aliphatic glycols of 4 to 6 carbon atoms such as 1 ,4-buianediol. 1 ,5-pentanedio| , 
Methylene glycol. Of these, butanedioJ is particularly preferred. The water-soluble polyhydric atcohol functions as a 
dispersing agent to improve the dispersability of the polyether in the plastjcizer. 

In the process described above, the amounts X. Y and Z (parts by weight) of each of the components added to 1 00 
parts by weight of the cellulose acetate polymer are preferably within the ranges specified by the following inequalities 
(i-1) to (iii-1). 



160 s X+Y + Z s 240 

10 s Y s 80 
3 s Z s 35 



(i-1) 
(ii-1) 
(iii-1) 
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Using a mixture with these mixing proportions allows stable, long-term spinning of hollow fibers of a desired shape 
and good roundness, by employing a pubtidy known melt spinning method for obtaining hollow f bers. 

According to the process of the present invention, when the amount of the polyether is less than 1 0 parts by weight 
(Y<10), the melt viscosity of the mixture becomes markedly more dependent on the temperature, varying greatly with 
5 even small temperature differences, and therefore stable spinning is hampered. On the other hand, when the amount 
is greater than 1 00 parts by weight (Y>1 00), the plasticity of the polyhydric alcohol is weakened thus inviting fiber break- 
age, while the polyhydric alcohol and polyether tend to separate and be deposited on the fiber walls, thus impairing the 
solute-fractionating properties of the fiber after extraction. 

By spinning a mixture of the cellulose acetate polymer, the polyhydric alcohol with a solubility parameter of less 
10 than 10, the polyether with a solubility parameter exceeding 14 and the polyhydric alcohol with a solubility parameter 
between 10 and 14, it is possible to obtain hollow fibers with the desired water-removal performance and substance 
permeability, but the performance depends greatly on the composition of each of the components and the nature of the 
hollow fiber membrane based on these components. 

A low amount of polyether in the mixture results in a stronger affinity of the polyhydric alcohol to the cellulose acetate 
75 polymer, and therefore the mixture has a nearly uniform composition on the level of the cellulose acetate polymer mol- 
ecules. Consequently it becomes impossible to obtain a hollow fiber membrane with the desired permeability ©/en with 
extraction after melt spinning. 

Furthermore, when the polyhydric alcohol used as the dispersing agent, i.e. ths polyhydric alcohol with a solubility 
parameter of between 10 and 14 is present in an amount of less than 3 parts by weight (Z<3), the polyether has poor 
20 dispersability in the dope, making it impossible to obtain a uniform microphase separation structure and tending to result 
in the formation of large-sized pores, whereas conversely, when it is present in an amount exceeding 50 parts by weight 
(Z>50), the inside of the hollow fibers tends to be rough, resulting in a large amount of blood residue. 

The solubility parameter referred to in this specification is that proposed by Hildebrand and calculated from the 
cohesive energy density (see J. Hildebrand & R.L Scott The Solubility of Non- Electrolytes, pp.94, 121 , 425 (1948)). 
25 The melt spun hollow f bers are then subjected to extraction with a heated aqueous medium to extract and remove 
each of the added components (plasticizer, pore-forming agent and dispersing agent). The extraction is preferably carried 
out using water heated to 70-88°C. If the temperature is lower than 70°C then adequate performance is not exhbited. 
and if it exceeds 88°C the smoothness of the inside of the hollow fibers is poor, sometimes causing problems of blood 
residue. 

30 Next at least one of either a polyhydric alcohol such as glycerin or a polyether with at least one residue comprising 
glycerin, which is water-soluble and harmless and has a solubility parameter exceeding 14, is attached to the hollow 
fibers. These are preferably added in an amount of 90 to 150 parts by weight to 100 parts by weight of the cellulose 
acetate polymer. If this is less than 90 parts by weight, the pores lack stable retention and thus tend to exhibit poor 
performance. On the other hand, if it is greater than 1 50 parts by weight, leaks tend to occur in the tubes during molding 

35 of the module of the blood purifying apparatus. 

The present invention will now be more fully explained by way of the following examples. These examples, however, 
are not intended to restrict the present invention in any way. The term "parts" refers to parts by weight throughout 

Example 1 

40 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetytation degree of 54%, 
there was added and mixed therewith 210 parts of an additive prepared by mixing 76% of polyethylene glycol with a 
molecular weight of 400 (solubility parameter: 8.6), 1 7% of diglycerin (solubility parameter: 15) and 7% of 1 ,4-butanediol 
(solubility parameter: 1 3), in terms of weight ratios. The mixture was melted at 1 80-200°C, and spinning was performed 
45 using a nozzle for hollow f bers with a double toric slit, introducing nitrogen gas into the hollow. 

Next the additive was extracted wit!" water heated to 84°C, and *fter addition of glycerin (solubility parameter : 17.1) 
to the hollow fibers in an amount of 120 PHR (1 20 parts to 1 00 parts of the polymer) and drying, the f bers were collected 
into bundles to assemble a Wood purifying apparatus with a membrane area of about 1 .5 m*. The inner diameter of the 
hollow f bers was 1 97 urn, and the membrane thickness was 1 3.0 \im. 
so During the process the inner surface of the hollow fibers and a cross-section perpendicular to the axis of the fibers 
(hereunder, "cross-section) were observed using a high-resolution SEM (model S-900. product of Hitachi Seisakusho). 
The photographs are shown in Figs. 1-5. 

The inner surface of the resultant hollow f bers was substantially flat and the arrangement of the cellulose diacetate 
polymer particles on the inner surface was substantially non-oriented (see Fig. 1), while there was a thin dense layer 
55 with a thickness of about 50 nm on both the innermost and outermost portion of the membrane as viewed by a cross- 
section of the hollow fibers, and the area between the innermost portion to the outermost portion had a substantially 
uniform porous structure (see Figs. 2-5). 

The performance of this blood purifying apparatus is shown in Table 1. 
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Here, the blood plasma albumin permeation blockage was calculated according to the following formula using human 
blood plasma (obtained from Wako Junyaku, KK. through the Japan Biomateriate Center). The circulation volume of the 
blood plasma at the time was 200 ml/min. the filtrate was also sent back to the initial solution, the temperature of the 
initial solution was 37°C, and the ECUM method (measuring by ultrafiltration alone without using dialyzing fluid) was 
performed after 2 hours of circulation with the differential pressure set for a filtrate flow rate of 10 ml/min at the start. 



Permeation blockage 



filtrate albumin cone. 



x 100{%) 



initial albumin cone. 

Also, the in vivo PrMG sieving coefficient was calculated according to the formula: 



Sieving coefficient(SC) = 



filtrate p 2 -MG cone. 



blood p 2 -MG cone, prior to entering blood purifier 

The p r MG sieving coefficient was measured in a clinical dialysis test by the ECUM method for 1 hour after the start of 
dialysis, with a Wood flow rate of 200 ml/min. The ultrafiltration rate (UFR) referred to here is the amount of eliminated 
water per unit area (m2) obtained per unit of time (one hour) per unit of pressure (mmHg) (ml/m2-mmHg*hr), the in vivo 
UFR is the value actually measured after the course of one hour from the start of dialysis in a clinical dialysis test, and 
the in- vitro UFR is the value measured using distilled water. The degree of blood residue was evaluated by visually 
examining the blood remaining in the hollowf iber section of the Wood purifying apparatus after reinfusion upon completion 
of the clinical dialysis. 

Tatte 1 



UFR 


Plasma albumin per- 
meation Wockage 


P2-MG sieving coef- 
ficient (in-vivo) 


Blood residue (in-vivo) 


in- vitro 


in* vivo 


in-vivoi in -vitro 








34 


17 


0.5 


95% 


0.48 


good 



30 

Example 2 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
there was added 200 parts of an additive prepared by mixing 75% of polyethylene glycol with a molecular weight of 400. 
35 20% of diglycerin and 5% of 1 ,4-butanediol in terms of weight ratios, the components were mixed and melted in an 
extruder at 1 80-21 5° C, and the mixture was spun by discharge through a nozzle for hollow fibers with a double toric slit 
while introducing nitrogen gas into the hollow. 

Next the additive was extracted with water heated to 84 e C, and after addition of glycerin to the hollow fibers in an 
amount of about 1 20 PHR and drying, the fibers were bundled to assemWe a Wood purifying apparatus with a membrane 
40 area of about 1 .5 rr*. The inner diameter of the hollow fibers was about 200 Jim, and the membrane thickness was 1 3.5 
jim. 

A view of the inner surface and cross-section of the resultant hollow fibers showed a flat inner surface roughly the 
same as seen in the photograph l\ Example 1 , a cross-section with a thin dense layer having a thickness of about 50 
nm on the innermost and outermost portions, and a substantially uniform porous section between them. 
45 The performance of this Wood purifying apparatus is shown in TaWe 2. 



Table 2 



UFR 


Plasma albumin per- 
meation Wockage 


P2-MG sieving coef- 
ficient (in-vivo) 


Blood residue (irhvivo) 


in- vitro 


in-vivo 


in-vivoi in -vitro 








40 


19 


0.48 


94.5% 


0.45 


good 
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Example 3 

To 1 00 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 54%, 
there was added 208 parts of an additive prepared by mixing 73% of polyethylene glycol with a molecular weight of 40o! 
5% of diglycerin, 15% of glycerin and 7% of 1,4-butanediol in terms of weight ratios, the components were mixed and 
melted in an extruder at a temperature of 1 80-21 5°C, and the mixture was spun by discharge through a nozzle for hollow 
fibers with a double toric slit while introducing nitrogen gas into the hollow. 

Next, the additive was extracted with water heated to 84°C, and after addition of glycerin to the hollow fibers in an 
amount of about 1 30 PHR and drying, the f foers were bundled to assemble a Wood purifying apparatus with a membrane 
area of about 1 .5 rr>2. The inner diameter of the hollow f tiers was about 1 95 *im, and the membrane thickness was 1 3 5 

The performance of this Wood purifying apparatus is shown in TaWe 3. 



TaWe3 





UF 


R 


Plasma albu- 
min permea- 
tion Wockage 


p 2 -MG sieving coef- 
ficient (in* vivo) 


Ko (urea) (in-vitro) 


Blood resi- 
due {in- vivo) 


in- vitro 


in- vivo 


in-vivoiin - vitro 










42 


19 


0.45 


96.5% 


0.47 


0.052 (cm/min) 


good 



Example 4 

To 100 parts of cellulose diacetate with an average polymerization degree of 260 and an acetylation degree of 
55.2%, there was added 208 parts of an additive prepared by mixing 72% of polyethylene glycol with a molecular weight 
of 400, 5% of diglycerin, 13% of glycerin and 10% of 1 .4-butanediol in terms of weight ratios, the components were 
mixed and melted in an extruder at 1 80-21 5°C, and the mixture was spun by discharge through a nozzle for hollow fibers 
wfth a douWe toric slit while introducing nitrogen gas into the hollow. 

Next the additive was extracted with water heated to 84°C, and after addition of glycerin to the hollow f foers in an 
amount of about 1 30 PHR and drying, the f foers were bundled to assemWe a Wood purifying apparatus with a membrane 
area of about 1 .5 rr*. The inner diameter of the hollow ffoers was about 198 jim, and the membrane thickness was 1 3 5 

The performance of this Wood purifying apparatus is shown in TaWe 4. 



TaWe4 





UFR 


Plasma albu- 
min permea- 
tion Wockage 


P2-MG sieving coef- 
ficient (in- vivo) 


Ko (urea) {in-vitro) 


Blood resi- 
due (in- vivo) 


in- vitro 


in- vivo 


in-vivoiin -vitro 










43.6 


19 


0.44 


95.5% 


0,49 


0.056 (cm/min) 


good 



Example $ 

To 100 parts of cellulose diacetate with an average polymerization degree of 170 and an acetylation degree of 
54.8%, there was added 1 60 parts of an additive prepared by mixing 78% of polyethylene glycol with a molecular weight 
of 400, 13% of diglycerin and 9% of 1,4-butanediol in terms of weight ratios, and spinning was performed by the same 
procedure as in Example 1 to obtain hollow fibers. 

The hollow fibers were also treated with water heated to 80°C to extract the additive, and glycerin was added in an 
amount of 95 PHR. The fibers were then bundled in groups of about 1 1 ,500 to assemWe a Wood purifying apparatus 
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with a membrane area of about 1 .5 m*. The performance of this Wood purifying apparatus is shown in Table 5. 



Table 5 




UFR 


Blood residue (in- vivo) 


in- vitro 


in- vivo 


in-vivofin-vhro 




12.0 


10.0 


0.83 


good 



10 



15 



25 



30 



35 



Comoaratvn F»arppfe, 1 

♦iw? 1 °° ^! o! ?" Ul ° Se diaC6tate Wi,h *" avera9e PO'y^erization degree of 260 and an acetylation degree of 54% 

J* "Sh ^ ^butaned-ol -n terms of weight ratios, spinning was performed by the same procedure 

as in Example 1 , and then the additive was extracted with water heated t~ 10»C olvcerin was add«ri .nT^. fik!! 
driedandbundledtoasserrfcleab^ 

The ,nner surface and cross-sect.on were observed with a high-resolution SEM as in Example 1 The inner surfS 

Sf SSlSS^t *"! dir6Cti0n * *• 8X18 (S6e F ' 9 - 6) " ^se-ationTthe cwSSSS 
ve?y 2ooT ConaderaWe var ' atl0n tne P- system, .n the ,»™, evaluation, the blood resWue was ju^toS 

The performance of this Wood purifying apparatus is shown in TaWe 6 
_ ™l'* V ™^ vitro UF0 rati0 was V «Y small, clogging occurred in the in-vivo evaluation and the plasma albumin 
permeate Wockage was ateo low, showing that the desired type of membrane had not been SrS 



Table 6 





UF 


R 


Plasma albumin per- 
meation blockage 


PrMG sieving coef- 
ficient (in-vivo) 


Blood residue {in-vivo) 


in- vitro 


in-vivo 


in- vivo/ 'in -vitro 








67 


17 


0.25 


88% 


0.5 


poor 



Comparative Example ? 



40 



45 



50 



55 



To 100 parts of cellulose diacelate with an average polymerization degree of 170 and an acetylation degree of 

iZZ SSi; 7**7 "Tr prepared * mUnB 87s% * p 01 ^ 6 " 6 SS£ 

weight of 400 and 1 2.5% of diglycenn in terms of weight ratios, and spinning was performed by the same Drocedure as 
and glycerin was added. The glycerin attached in an amount of 89 PHR eaoarave ' 
1.5 m? ,iberS W6re ^ C0 " eCted in bUndl6S to aSSemWe 3 Wood purifyino - a merrtxane area of about 

When the cross-section was observed by high-resolution SEM in the same manner as in Example 1 'see Fia 81 it 

ptS^ 



INDUSTRIAL APPLICABILITY 



little ItaS^SS ^ 8 Ce '^ 0Se acetate - based holl °" f »»r purifying membrane which undergoes 
little change in separation performance wrth time when used for Wood purification procedures and which has excellent 
separation properties, and it may thus be used wrth advantages in the medical industry 
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Claims 



1 ' 2 Sv^" 9 mOT ^ ane characteri2ed * ^ a hollow f toer membrane substantially composed 
of cellulose acetate, by havmg a substantially non-oriented distribution of cellulose acetate oolvnw -L^T^T 
-nner surface of the hollow fibers, having a dense layer with a thickn^inte ™ of 3 0 TZ> ESSES 2 

wan cmtween the two dense layers, and by having an m vitro ultrafiltration rate (UFR) of 10 to 50 mi/mz-mmHtrhr 
and an in vivo ^microglobulin (P2-MG) sieving coefficient of at least 0.4. «ocKage of at least 90%, 

2. A membrane according to Claim 1 . wherein the inner surface of said hollow fibers is substantially flat. 

x is;; e r^ to c,aim 1 or c,aim *• ■* - ^ « *«™ **** 

4. A membrane according to any of Claims 1 to 3, wherein said (in vivo UFR)/(/„ vitro UFR) ratio is at least 0.35. 

5. Amenibramacco^ 

7 ' rlSE! i fC nn PrC ^t n9 * ^ ** ^ ***** membrane, characterized in that a mixture containinq with 

2?££ir?- y *!? * 8 Ce " Ul0Se aC6ta,e at ,east one <* "ater-solubt J^rJSSS 

wrth a the moplastiaang effect on the cellulose acetate polymer and a solubHrty parameter SSSXnZ£ 
by we.ght). at least one type of water-soluble polyether wrtTa so.ubi.rty paZet* ZZSZL u a^Ta £f2 
residue compnsmg glycerin (Y parts by weight), and at least one type oTwater^^e^Xr-^ihof wfth « 

120sX + Y + Zs250 g 
10sY S 100 
3 S2S 50 

is mett spun into hollow fibers, after which the obtained hollow fibers are subjected to extraction with a heated 

2£*. 2 ? leaSt ° ne ,yP6 * a P 01 ^ "» - 'east one reSue SSX 

por^nc alec*,., which ,s water-soluble *nd harmless and has a so.ub.1ity parameter mJ^fSSSi 

8. The process according to Claim 7, wherein the amounts X. Y and X of the components of the additiw. wHh ra ^~* 
to JOjrt by we*ht of the cellutose acetate polymer are in the ranges Z^£S^ZX£ 

160sX + Y + Zs240 (M) 
10 S Y S8 0 (jM) 
3sZ s3 5 (jiM) 
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1 1. The process according to Claim 7, wherein said water-soluble polyether is a polyether represented by the following 
formula 

CH 2 -0 -(-CH 2 -CHR l -C>^-H 
CH — 0 -f-CHj-CHR^OVH 
CH 2 -0 -f-CHj-CHR'-O^H 

where R 1 , R 2 and R3 may be the same or different and each represents H or -CH 3 , and a, b and c are each 0 or 
natural numbers, satisfying the inequality 1 ^a + b + cs20,a polyether which is a glycerin polymer with a polym- 
erization degree of 2 to 20. or a mixture thereof. 

12. The process according to Claim 7, wherein said heated aqueous medium is water heated to 70-88°C. 

13. The process according to Claim 7, wherein the acetylation degree of said cellulose acetate is 50-58%, and the 
polymerization degree is 160 to 400. 
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Fig.1 
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Fig. 2 
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Fig.5 
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Fig.6 
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Fig. 7 
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Fig. 8 
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